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DESCRIPTION 

IMPULSE RESPONSE ESTIMATION DEVICE AND CHANNEL ESTIMATION 
METHOD 

Technical Field 

The present invention relates to an equalizer for 
compensating waveform distortions owing to delays 
generated in propagation paths for digital signal 
transmission, and more particularly to an impulse response 
estimation device to be provided to an equalizer for 
obtaining impulse responses in the propagation paths. 

Background Art 

In digital signal transmission, there is a case where 
transmission characteristics remarkably deteriorate 
owing to the generation of intersymbol interference in 
demodulated signals by being influenced by delay waves 
generated in propagation paths. For compensating the 
influences of the intersymbol interference in demodulated 
signals, an adaptive equalizer is used. As an example of 
the adaptive equalizer, a maximum likelihood sequence 
estimation type equalizer that is a transversal type 
filter is described with reference to FIG. 1. 

FIG. 1 is a block diagram showing the configuration 
of a conventional maximum likelihood sequence estimation 
type equalizer. In FIG. 1, a received signal inputted from 
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an input terminal 11 is transmitted to a subtracter 12. 
The subtracter 12 calculates an error between a replica 
(an estimation value of the received signal) transmitted 
from a replica generator 13 , which will be described later, 
and the received signal from the input terminal 11 to 
output an error signal. A square circuit 15 obtains the 
electric power of the error signal outputted by the 
subtracter 12. 

A maximum likelihood sequence estimation device 
(MLSE) 16 estimates a transmission sequence having the 
highest likelihood on the basis of the signal power 
obtained by the square circuit 15, and the maximum 
likelihood sequence estimation device 16 outputs the 
estimated transmission sequence from an output terminal 
17 as an estimated signal. Furthermore, the maximum 
likelihood sequence estimation device 16 outputs the 
estimated transmission sequence to a channel estimation 
device 14 and the replica generator 13. 

The channel estimation device 14 obtains the impulse 
response (tap coefficient) of a propagation path on the 
basis of the error signal outputted by the subtracter 12 
and the transmission sequence outputted by the maximum 
likelihood sequence estimation device 16. The replica 
generator 13 calculates the replica on the basis of the 
impulse response obtained by the channel estimation device 
14, and outputs the calculated replica to the aforesaid 
subtracter 12. 
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When the channel is estimated (i.e. the impulse 
response of the propagation path is estimated) , generally 
a training signal that is already known by a reception side 
apparatus is inserted into the front or the center of a 
5 transmission signal by a transmission side apparatus, and 
the reception side apparatus performs initial estimation 
with a channel estimation device. Consequently, from the 
point of view of transmission efficiency, the initial 
estimation is required to have a high speed convergence 

10 characteristic . 

As a channel estimation algorithm having a superior 
convergence characteristic, an RLS algorithm is known. By 
the adoption of the channel estimation device to which the 
RLS algorithm is applied as the aforesaid channel 

15 estimation device, a superior convergence characteristic 
can be obtained. Accordingly, there are many cases where 
the channel estimation device to which the RLS algorithm 
is applied is used as the channel estimation device in the 
transversal type filter. 

20 However, the conventional transversal type filter 

has the following problem. Though the aforesaid RLS 
algorithm can obtain a superior convergence 
characteristic, because the amount of operations 
increases in proportion to the square of the number of taps, 

25 the amount of operations increases if the number of taps 
becomes large. Consequently, if the channel estimation 
device to which the RLS algorithm is applied is used as 



the channel estimation devi 
transversal type filter, th 
increases at the time of the 
path . 



ce of the conventional 
e amount of operations 
estimation of a propagation 



Disclosure of Invention 

An object of the present invention is to provide an 

impulse response estimation device capable of obtaining 

an impulse response of a propagation path without 

increasing the amount of operations. 

The inventor of the present invention turns his 
attention to the application of a Lattice filter, which 
has an excellent convergence characteristic while 
suppressing the increase of the amount of operations, to 
a channel estimation device in a transversal type filter. 
However, a tap coefficient estimated by means of the 
Lattice filter takes a backward reflection coefficient 
estimation error as an input signal, and differs from a 
tap coefficient (an impulse response of a propagation 
path) required by the transversal type filter. That is, 
it is impossible to apply the Lattice filter to the channel 
estimation device in the transversal type filter as it is. 

Accordingly, the inventor of the present invention 
made the tap coefficient estimated by means of the Lattice 
filter convert to the tap coefficient required by the 
transversal type filter. 

That is, according to the present invention, a 



transformation matrix is made by the use of a backward 
reflection coefficient generated by the Lattice filter, 
and the tap coefficient capable of being applied to the 
transversal type filter by means of the matrix operation 
between the tap coefficients calculated by the use of the 
backward prediction error generated by the Lattice filter 
and the aforesaid transformation matrix. Thereby the 
aforesaid object of the present invention is attained. 

Brief Description of Drawings 

FIG. 1 is a block diagram showing the configuration 
of a conventional maximum likelihood sequence estimation 
type equalizer; 

FIG. 2 is a block diagram showing the configuration 
of a maximum likelihood sequence estimation type equalizer 
equipped with an impulse response estimation device 
according to Embodiment 1 of the present invention; 

FIG. 3 is a block diagram showing the configuration 
of the impulse response estimation device according to 
Embodiment 1 of the present invention; 

FIG. 4 is a block diagram showing the configurations 
of the Lattice filter and the tap coefficient calculation 
section in the impulse response estimation device 
according to Embodiment 1 of the present invention; 

FIG. 5 is a block diagram showing the configuration 
of a decision feedback equalizer equipped with an impulse 
response estimation device according to Embodiment 2 of 



the present invention; 

FIG. 6 is a block diagram showing the configuration 
of a synchronous establishment device equipped with an 
impulse response estimation device according to 
Embodiment 3 of the present invention; and 

FIG. 7 is a typical diagram showing a state when a 
base station apparatus equipped with an impulse response 
estimation device according to Embodiment 4 of the present 
invention performs the radio communication in the TDD 
system with a mobile station apparatus. 

Best Mode for Carrying Out the Invention 

Hereinafter, the best mode for the implementation of 
the present invention is described in detail with 
reference to the attached drawings. 
( Embodiment 1 ) 

FIG. 2 is a block diagram showing the configuration 
of a maximum likelihood sequence estimation type equalizer 
equipped with an impulse response estimation device 
according to Embodiment 1 of the present invention. In 
FIG. 2, a received signal inputted from the input terminal 
101 is transmitted to an impulse response estimation 
device 102 and a subtracter 103 according to the present 
embodiment . 

The subtracter 103 calculates an error between a 
replica (the estimation value of the received signal) 
transmitted from the replica generator 107 and the 
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received signal from the input terminal 101 to output an 
error signal* A square circuit 104 obtains the electric 
power of the error signal outputted by the subtracter 103. 
A maximum likelihood sequence estimation device 
5 (MLSE) 105 estimates a transmission sequence having the 
highest likelihood on the basis of the electric power 
obtained by the square circuit 104, and outputs the 
estimated transmission sequence to an output terminal 106 
as a demodulated signal. Furthermore, the maximum 

10 likelihood sequence estimation device 105 outputs the 

estimated transmission sequence to the impulse response 
estimation device 102 and the replica generator 107. 

The impulse response estimation device 102 receives 
the input of the received signal from the input terminal 

15 101 as a reference signal, and receives the input of the 
transmission sequence from the maximum likelihood 
sequence estimation device 105 as an input signal, and 
further the impulse response estimation device 102 obtains 
an impulse response of a propagation path on the basis of 

20 each of the input signals. Incidentally, the details of 
the impulse response estimation device 102 will be 
described later. 

The replica generator 107 calculates a replica on the 
basis of the impulse response of the propagation path 

25 obtained by the impulse response estimation device 102, 
and outputs the calculated replica to the aforesaid 
subtracter 103. Because the replica generator 107 thereby 
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can calculate a highly precise replica, the maximum 
likelihood sequence estimation device 105 can outputs a 
demodulated signal the influences of intersymbol 
interference in the received signal on which has been 
compensated . 

Next, the configuration of the impulse response 
estimation device 102 according to the present embodiment 
is described by reference to FIG . 3. FIG. 3 is a block 
diagram showing the configuration of the impulse response 
estimation device 102 according to Embodiment 1 of the 
present invention • 

In FIG . 3, an input signal sequence, i.e. the 
transmission sequence from the maximum likelihood 
sequence estimation device 105 in FIG. 2, is inputted into 
a Lattice filter 201. The Lattice filter 201 generates 
a backward prediction error signal sequence and a backward 
reflection coefficient by the use of the input signal 
sequence. Furthermore, the Lattice filter 201 outputs the 
generated backward prediction error signal sequence to a 
tap coefficient calculation section 202, and outputs the 
generated backward reflection coefficient to a tap 
coefficient conversion section 203. Incidentally, the 
details of the Lattice filter 201 will be described later. 

The reference signal, i.e. the received signal from 
the input terminal 101 in FIG. 2, is inputted into the tap 
coefficient calculation section 202. The tap coefficient 
calculation section 202 calculates a tap coefficient "w" , 
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15 



20 



the input to which is the backward prediction error, by 
the use of the backward prediction error signal sequence 
from the Lattice filter 201 and the reference signal 
sequence form the input terminal 101, and the tap 
coefficient calculation section 202 outputs the 
calculated tap coefficient to a tap coefficient conversion 
section 203. Incidentally, the details of the tap 
coefficient calculation section 202 will be described 
later . 

The tap coefficient conversion section 203, at first, 
makes a tap transformation matrix shown in the following 
by the use of the backward reflection coefficient 
calculated by the Lattice filter 201. 
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where a M (m) = a^m) + 7 m a M *(M - m) , and " y m " is a 
reflection coefficient at the m th step of the Lattice filter, 
and further indicates to be complex conjugate. 

Furthermore, the tap coefficient conversion section 
203 generates an impulse response of the propagation path 
by means of the matrix operation using the made tap 
transformation matrix and a tap coefficient calculated by 
the tap coefficient calculation section 202 , and the tap 
coefficient conversion section 203 outputs the generated 
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impulse response from an output terminal 2 04 . To put it 
concretely, the tap coefficient conversion section 203 
generates the impulse response of the propagation path in 
conformity with the following expression. 
h-L H w — (D 

where "h" indicates an impulse response of a 
propagation path and "L H " indicates a complex inverted 
matrix of the tap transformation matrix L and further "w" 
indicates a tap coefficient. 

Next, the Lattice filter 201 and the tap coefficient 
calculation section 202 are described by reference to FIG. 
4. FIG. 4 is a block diagram showing the configuration 
of the Lattice filter and the tap coefficient calculation 
section in the impulse response estimation device 
according to Embodiment 1 of the present invention. 
Incidentally, in the present embodiment, a case where the 
number of taps is set to be M + 1 is described as an example, 
but the present invention is not limited to such a case, 
and the present invention can be applied to cases where 
the number of taps is altered according to various 
conditions . 

At first, the Lattice filter 201 is described. When 
Fig. 4 is referred, the Lattice filter 201 has a 
configuration in which M steps of filters 301 are connected 
in cascade connections. Each filter 301 is equipped with 
a delay unit 301, multipliers 302, 304, and adders 303, 
305 . 



At first, an input signal, i.e. a transmission 
sequence from the maximum likelihood sequence estimation 
device 105, is delayed for the period of time of one symbol 
by the delay unit 301 in the first step filter. The input 
signal before the period of time of one symbol is 
transmitted to the adder 303 after the input signal is 
multiplied by the forward reflection coefficient at the 
first step by the multiplier 302 . The signal multiplied 
by the forward reflection coefficient by the multiplier 
302 is added to the input signal by the adder 303. The 
signal added by the adder 303 is an output signal at the 
upper row of the first step filter as a "forward prediction 
error", and is an input signal at the upper row of the send 
step filer. 

On the other hand, the input signal is multiplied by 
the backward reflection coefficient at the first step by 
the multiplier 304, and then is transmitted to the adder 
305. The signal multiplied by the backward reflection 
coefficient by the multiplier 304 is added to the input 
signal before the period of time of one symbol from the 
delay unit 301 in the adder 305. The signal added by the 
adder 305 is an output signal at the lower row at the first 
step filter as a "backward prediction error", and is an 
input signal at the lower row at the second step filter. 

The forward reflection coefficient and the backward 
reflection coefficient are severally controlled in order 
that root mean square values of the forward prediction 



errors and the backward prediction errors become minimum. 
By the repetition of a series of the operation in the 
aforesaid filter up to the M th step, M backward prediction 
errors by the filters from the first step to the M th step 
and one input signal to be added, i.e. (M + 1) backward 
prediction errors in all, can be obtained. The obtained 
backward prediction errors are transmitted to the tap 
coefficient calculation section 202. Incidentally, the 
backward prediction error by the 0 th step filter 
corresponds to the input signal. 

Next, the tap coefficient calculation section 202 is 
described. The backward prediction errors of the filters 
from the 0 th step to the M th step of the Lattice filter 201 
are respectively transmitted to a multiplier 306a 0 to a 
multiplier 306a M in the tap coefficient calculation 
section 202 . The backward prediction errors of the filters 
from the 0 th step to the M th step are severally multiplied 
by tap coefficients by the multipliers 306a 0 to 306a M , and 
then the multiplied backward prediction errors are 
respectively subtracted from the reference signal by 
subtracters 307a 0 to 307a M . Thereby an error signal is 
generated. However, the reference signals at the 
subtracters 307a x to 307a M correspond error signals 
generated at the subtracter at the front step severally. 

The tap coefficients at the multipliers 306a 0 to 306 M 
are adjusted in such a way that orthogonality is kept 
between the backward prediction errors and error signals 



generated by the subtracters being destinations of 
outputting by each multiplier. For example, the tap 
coefficient in the multiplier 306a! is adjusted in such 
a way that orthogonality is kept between the backward 
prediction error at the first step in the Lattice filter 
201 and the error signal generated by the subtracter 307a x 
being the destination of outputting by the multiplier. 

The series of the aforesaid processing by the 
multiplier and the subtracter is repeated as many as (M 
+ 1 ) steps . By the repetition of the processing for a symbol 
time (for a training symbol length at the time of initial 
estimation) , (M+l) tap coefficients can be obtained. The 
aforesaid is the details of the Lattice filter 201 and the 
tap coefficient calculation section 202. 

According to the impulse response estimation device 
having the aforesaid conf igurat ion , the Lattice filter 201 
converts an input signal sequence to backward prediction 
errors orthogonalized to each other, and the tap 
coefficient calculation section 202 estimates tap 
coefficients the inputs of which are backward prediction 
errors from the Lattice filter 201. Thereby, the 
estimation of the tap coefficients can be ended by a small 
number of times of updating. Because the operations in 
the Lattice filter 201 and the tap coefficient calculation 
section 202 do not include matrix operations, by the use 
of the Lattice filter 201 and the tap coefficient 
calculation section 202, the tap coefficient can be 
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estimated with a remarkably small amount of operations in 
comparison with the case where the RLS algorithm is used. 

Furthermore, the tap coefficient conversion section 
203 makes a tap transformation matrix by the use of a 
5 backward reflection coefficient made by the Lattice filter 
201, and performs the multiplication of the tap 
transformation matrix and the tap coefficient estimated 
by the Lattice filter 201. Thereby, a tap coefficient 
applicable to the transversal type filter, namely an 

10 impulse response of a propagation path, can be obtained. 
Although the processing in the tap coefficient conversion 
section 203 includes a matrix operation, the tap 
coefficient conversion section 203 does not need a matrix 
operation at every updating like in the case where the RLS 

15 algorithm is used. That is, because the tap coefficient 
conversion section 203 performs the matrix operation only 
when a tap coefficient applicable to the transversal type 
filter is needed, an impulse response of a propagation path 
can be estimated with a small amount of operations. 

20 To put it more concretely, in mobile communication 

by a time division multiple access (TDMA) system, radio 
communication is performed by the use of a signal in which 
a signal that is known on both of the transmission side 
and the reception side and is called as a training sequence 

25 is inserted at the front of or the center of the data 

sequence of the signal. In this case, when the impulse 
response estimation device according to the present 



embodiment is used,, the Lattice filter 201 obtains 
backward prediction errors by the use of the aforesaid 
training sequence as an input signal sequence, and the tap 
coefficient calculation section 202 converges tap 
coefficient the inputs of which are the backward 
prediction errors. After the completion of the training 
sequence, the tap coefficient conversion section 203 
converts the tap coefficient the inputs of which are the 
backward prediction errors to a tap coefficient applicable 
to the transversal type filter. 

In such a case, because the impulse response 
estimation device according to the present embodiment 
performs the conversion of a tap coefficient including a 
matrix operation only one time, a tap coefficient 
applicable to the transversal type filter with a small 
amount of operations. Furthermore, because the Lattice 
filter performs a small amount of operations, the Lattice 
filter has convergence properties higher than those of the 
LMS algorithm that is frequently used. Consequently, 
because the impulse response estimation device according 
to the present embodiment can shorten the length of the 
training sequence, the impulse response estimation device 
can also improve the transmission efficiency thereof. 

As mentioned above, according to the present 
embodiment, because a tap coefficient obtained by the use 
of a Lattice filter is converted to a tap coefficient 
applicable to a transversal type filter, an impulse 



response of a propagation path can be obtained without the 
use of the RLS algorithm* Consequently, the impulse 
response estimation device according to the present 
embodiment can obtain an impulse response of a propagation 
path without the increase of the amount of its operations 
and in a state of having a high convergence characteristic. 
As a result, in a transversal type filter equipped with 
an impulse response estimation device according to the 
present embodiment, because a replica generated by the use 
of an impulse response of a propagation path obtained by 
the impulse response estimation device has high accuracy, 
a demodulated signal is a signal the deterioration of the 
characteristics of which owing to the influence of 
intersymbol interference is satisfactorily compensated. 
(Embodiment 2) 

As for the present embodiment, a case where an impulse 
response estimation device, which was described with 
regard to Embodiment 1 , is loaded on a decision feedback 
equalizer in place of a maximum likelihood sequence 
estimation type equalizer is described. Hereinafter, a 
decision feedback equalizer equipped with an impulse 
response estimation device according to the present 
embodiment by reference to FIG . 5. 

FIG. 5 is a block diagram showing the configuration 
of a decision feedback equalizer equipped with an impulse 
response estimation device according to Embodiment 2 of 
the present invention. Incidentally, the impulse response 
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estimation device 102 in FIG . 5 is the same impulse 
response estimation device described with regard to 
Embodiment 1 . 

In FIG. 5, a received signal inputted from an input 
terminal 401 is transmitted to a delay unit 402, a 
multiplier 405 and the impulse response estimation device 
102. Delay units 402, 403 and 404 and multipliers 405, 
406, 407 and 408 perform a convolution operation of the 
received signal from the input terminal 401. 

That is, the delay unit 402 delays the received signal 
for one symbol time to transmit the delayed received signal 
to the delay unit 403 and the multiplier 406. The delay 
unit 403 delays the received signal delayed by the delay 
unit 402 for one symbol time to transmit the delayed 
received signal to the delay unit 404 and the multiplier 
407 . The delay unit 404 delays the received signal delayed 
by the delay unit 403 for one symbol time to transmit the 
delayed received signal to the multiplier 408. 

Furthermore, the multiplier 405 multiplies the 
received signal from the input terminal 401 by a tap 
coefficient given by the impulse response estimation 
device 102 to transmit a signal generated by the 
multiplication of the aforesaid received signal and the 
aforesaid tap coefficient to an addition section 409. The 
multiplier 406 multiplies the received signal delayed by 
the delay unit 402 by the tap coefficient given by the 
impulse response estimation device 102 to transmit a 
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signal generated by the multiplication of the aforesaid 
received signal and the aforesaid tap coefficient to the 
addition section 409. Similarly , the multiplier 407 and 
the multiplier 408 multiply the received signals delayed 
by the delay unit 403 and the delay unit 404 , respectively, 
by the tap coefficient given by the impulse response 
estimation device 102 to transmit a signal generated by 
the multiplication of the aforesaid received signal and 
the aforesaid tap coefficient to the addition section 409. 

The addition section 409 adds the multiplied signals 
from the multipliers 405-408 and a signal from a multiplier 
413 that will be described later to transmit a signal after 
the addition to a discriminator 410 as a demodulated signal. 
The discriminator 410 discriminates a code of the 
demodulated signal from the addition section 409 to output 
the demodulated signal after the discrimination from an 
output terminal 411 as a decoded signal, and further the 
discriminator 410 transmits the aforesaid decoded signal 
to the impulse response estimation device 102 and a delay 
unit 412. 

The impulse response estimation device 102 receives 
the input of the decoded signal from the discriminator 410 
as a reference signal and receives the input of the 
received signal from the input terminal 401 as an input 
signal. The impulse response estimation device 102 obtains 
an impulse response, i.e. a tap coefficient, of a 
propagation path by means of the aforesaid reference 



signal and the aforesaid input signal to transmit the 
obtained tap coefficient to the multipliers 405-408 and 
the multiplier 413. 

The delay unit 412 delays the decoded signal from the 
discriminator 410 for one symbol time to transmit the 
delayed decoded signal to the multiplier 413. The 
multiplier 413 multiplies the delayed decoded signal from 
the delay unit 412 by the tap coefficient given by the 
impulse response estimation device 102 to transmit a 
signal generated by the multiplication of the aforesaid 
decoded signal and the aforesaid tap coefficient to the 
addition section 409. 

As described above, according to the present 
embodiment, by the use of an impulse response estimation 
device capable of obtaining an impulse response of a 
propagation path without increasing the amount of 
operations, the decision feedback equalizer can take out 
a decoded signal by means of a small amount of operations, 
whereas the decision feedback equalizer has a high speed 
convergence characteristic. 
(Embodiment 3) 

In the present embodiment, a case where the 
establishment of synchronization is performed by the use 
of the impulse response estimation device described in 
regard to Embodiment 1 is described by reference to FIG. 
6. FIG. 6 is a block diagram showing the configuration 
of a synchronous establishment device equipped with an 
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impulse response estimation device according to 
Embodiment 3 of the present invention. 

In FIG . 6, a received signal inputted from an input 
terminal 501 is transmitted to a timing-adjusting unit 502 
and an impulse response estimation device 102. A memory 
section 504 stores a known reference signal for 
synchronization in advance, and the memory section 504 
transmits the reference signal for synchronization to the 
impulse response estimation device 102. 

The impulse response estimation device 102 estimates 
an impulse response of a propagation path by the use of 
the received signal from the input terminal 501 as a 
reference signal and by the use of the reference signal 
for synchronization from the memory section 504 as an input 
signal. The impulse response estimation device 102 
transmits the result of the estimation of the impulse 
response to the timing-adjusting unit 502. The 
timing-adjusting unit 502 performs the timing adjustment 
of the received signal from the input terminal 501 on the 
basis of an estimation result from the impulse response 
estimation device 102 to output the received signal the 
timing of which was adjusted. 

In such a way, according to the present embodiment, 
by the use of an impulse response estimation device capable 
of obtaining an impulse response of a propagation path 
without increasing the amount of operations, the 
establishment of synchronization in a higher speed can be 



performed . 
(Embodiment 4) 

In the present embodiment, a case where radio 
communication is performed by the use of the impulse 
response estimation device described in regard to 
Embodiment 1 by reference to FIG* 7. FIG. 7 is a typical 
diagram showing a state when a base station apparatus 
equipped with an impulse response estimation device 
according to Embodiment 4 of the present invention 
performs the radio communication in the time division 
duplex (TDD) system with a mobile station apparatus. 
Incidentally, in FIG. 7, a channel estimation section 102 
is the same as the impulse response estimation device 
described with regard to Embodiment 1. 

In the TDD system, because the frequency bands to be 
used for transmission and reception are the same, a radio 
propagation environment at transmission timing and a radio 
propagation environment at reception timing can be 
regarded as being almost not different from each other. 
Now the radio propagation environments is designated by 
a reference character "H(z)". 

When FIG. 7 is referred, a signal X(z) transmitted 
by a mobile station apparatus 601 is received by a radio 
section 603 in a base station apparatus 602 in a form of 
X( z )H( z ) . In the base station apparatus 6 02 , the received 
signal is transmitted to the channel estimation section 
102 through an equalization section 604. 
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The channel estimation section 102 estimates the 
propagation path H(z) by means of the received signal from 
the equalization section 604 to transmit the result of the 
estimation to the equalization section 604. The 
5 equalization section 604 decodes the received signal by- 
means of the result of the estimation from the channel 
estimation section 102. 

On the other hand, a inverse equalization section 605 
multiplies a transmission signal Y(z) by the inverse 
10 characteristic H(z)" 1 of the propagation path H(z) 
estimated by the channel estimation section 102 to 
transmit a transmission signal multiplied by the inverse 
characteristic to the radio section 603 . The radio section 
603 transmits the transmission signal multiplied by the 
15 inverse characteristic. 

The signal transmitted by the radio section 603 is 
received by the mobile station apparatus 601 in the 
following expression . 

Y(z) • H(z) • H(z)" 1 = Y(z) - (3) 
20 As it is apparent from the above expression ?, the 

mobile station apparatus 601 can obtain the desired signal 
Y(z) without compensating the waveform distortion of the 
propagation path with an equalizer or the like. Thereby 
the load of the mobile station apparatus 601 can be 
25 decreased . 

In the TDD system, because the time difference 
between the transmission timing and the reception timing 



is little, the changes of the radio propagation 
environments in the transmission timing and in the 
reception timing are small, but the estimation of a 
propagation path is needed to be completed in a short time. 
When an impulse response estimation device according to 
the present embodiment is used, the necessary amount of 
operations can be small. Consequently, it becomes 
possible to end the estimation of a propagation path for 
a short time. Moreover, because the convergence 
properties are high, the high accuracy estimation of a 
propagation path can also be performed. 

As described above, according to the present 
embodiment, by the use of an impulse response estimation 
device capable of obtaining an impulse response of a 
propagation path without increasing the amount of 
operations, it becomes possible to provide a base station 
apparatus and a communication terminal apparatus (mobile 
station apparatus) that can realize good and high quality 
radio communication . 

Incidentally, because it is preferable that the load 
of a mobile station apparatus is decreased as much as 
possible, a case where an impulse response estimation 
device is loaded on a base station apparatus is described 
in the present embodiment. However the present invention 
is not limited to such a case, but the present invention 
can be applied to a case where an impulse response 
estimation device is loaded on a mobile station apparatus, 
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too . 

Furthermore, the impulse response estimation device 
described in the aforesaid embodiments, and various 
equalizers and synchronous establishment devices equipped 
5 with the impulse response estimation device can be loaded 
on a base station apparatus and a communication terminal 
apparatus in a digital mobile communication system. 

© An impulse response estimation device of the 
present invention comprises: a Lattice filter for 
10 generating a backward prediction error sequence and a 
backward reflection coefficient from an input signal 
sequence; calculation means for calculating a tap 
coefficient by means of a reference signal and the backward 
prediction error sequence; and generation means for 
15 generating a transformation matrix by means of the 
backward reflection coefficient to generate a tap 
coefficient applicable to a transversal type filter by 
means of a matrix operation using the transformation 
matrix and the tap coefficient. 
20 According to the configuration, because the tap 

coefficient obtained by the use of the Lattice filter is 
converted to the tap coefficient applicable to the 
transversal type filter, an impulse response of a 
propagation path can be obtained without using the RLS 
25 algorithm. Thereby the impulse response estimation device 
can obtain the impulse response of the propagation path 
without increasing the amount of its operations, whereas 



the impulse response estimation device has a high 
convergence characteristic . 

© A maximum likelihood sequence type estimation 
device of the present invention is equipped with the 
aforesaid impulse response estimation device. 

According to the configuration, by the use of the 
impulse response estimation device capable of obtaining 
an impulse response of a propagation path without 
increasing the amount of its operations, the maximum 
likelihood sequence type estimation device can take out 
a decoded signal by a small amount of operations whereas 
the maximum likelihood sequence type estimation device has 
a high speed convergence characteristic. 

(3) A decision feedback equalizer of the present 
invention is equipped with the aforesaid impulse response 
estimation device . 

According to the configuration, by the use of the 
impulse response estimation device capable of obtaining 
an impulse response of a propagation path without 
increasing the amount of its operations, the decision 
feedback equalizer can take out a decoded signal by a small 
amount of operations whereas the decision feedback 
equalizer has a high speed convergence characteristic. 

® A synchronous establishment device of the present 
invention is equipped with the aforesaid impulse response 
estimation device . 

According to the configuration, by the use of the 



impulse response estimation device capable of obtaining 
an impulse response of a propagation path without 
increasing the amount of its operations, the higher speed 
establishment of synchronization can be performed* 

© A communication apparatus of the present invention 
uses a result of an estimation of a propagation path by 
the aforesaid impulse response estimation device to 
equalization processing at reception or inverse 
equalization processing at transmission. 

According to the configuration, by the use of the 
impulse response estimation device capable of obtaining 
an impulse response of a propagation path without 
increasing the amount of its operations to the 
equalization processing at reception or the inverse 
equalization processing at transmission, good and high 
quality radio communication can be realized. 

® A communication terminal apparatus of the present 
invention is equipped with the aforesaid impulse response 
estimation device . 

According to the configuration, by the loading of the 
impulse response estimation device capable of obtaining 
an impulse response of a propagation path without 
increasing the amount of its operations, the communication 
terminal apparatus can take out a decoded signal by a small 
amount of operations whereas the communication terminal 
apparatus has a high speed convergence characteristic. 
Thereby a communication terminal apparatus that performs 
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good radio communication can be provided. 

(7) A base station apparatus of the present invention 
is equipped with the aforesaid impulse response estimation 
device . 

5 According to the configuration, by the loading of the 

impulse response estimation device capable of obtaining 
an impulse response of a propagation path without 
increasing the amount of its operations, the base station 
apparatus can take out a decoded signal by a small amount 
10 of operations whereas the base station apparatus has a high 
speed convergence characteristic. Thereby a base station 
apparatus that performs good radio communication can be 
provided . 

(E) A communication terminal apparatus of the present 
15 invention is equipped with any one of the aforesaid 
communication apparatuses. 

According to the configuration , by the equipment of 
any one of the aforesaid communication apparatuses, a 
communication terminal apparatus that performs good 
20 communication can be provided. 

(9) A base station apparatus of the present invention 
is equipped with any one of the aforesaid communication 
apparatuses . 

According to the configuration, by the equipment of 
25 any one of the aforesaid communication apparatuses, a base 
station apparatus that can perform good radio 
communication can be provided. 
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(fl) A channel estimation method of the present 
invention comprises the steps of: generating a backward 
prediction error sequence and a backward reflection 
coefficient from an input signal sequence; calculating a 
tap coefficient by means of a reference signal and the 
backward prediction error sequence; and generating a 
transformation matrix by means of the backward reflection 
coefficient to generate a tap coefficient applicable to 
a transversal type filter by multiplying the 
transformation matrix and the tap coefficient. 

According to the configuration, because the tap 
coefficient obtained by the use of the Lattice filter is 
converted to the tap coefficient applicable to the 
transversal type filter, an impulse response of a 
propagation path can be obtained without using the RLS 
algorithm. Thereby the channel estimation method makes 
it possible to obtain the impulse response of the 
propagation path without increasing the amount of its 
operations, whereas the channel estimation method has a 
high convergence characteristic. 

As described above, according to the present 
invention, a transformation matrix is made by the use of 
a backward reflection coefficient generated by a Lattice 
filter, and a tap coefficient applicable to a transversal 
type filter by means of a matrix operation between a tap 
coefficient calculated by the use of a backward prediction 
error generated by the Lattice filter and the aforesaid 
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transformation matrix. Consequently, an impulse response 
estimation device capable of obtaining an impulse response 
of a propagation path without increasing the amount of its 
operations can be provided. 
5 This application is based on the Japanese Patent 

Application No. HEI 11-363756 filed on December 22, 1999, 
entire content of which is expressly incorporated by 
reference herein. 

10 Industrial Applicability 

The present invention is suitable for the use of the 
field of an equalizer for compensating waveform distortion 
that is generated in a propagation path owing to a delay, 
and more particularly is suitable for the use of the field 

15 of an impulse response estimation device installed on an 
equalizer for obtaining an impulse response of a 
propagation path. 
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CLAIMS 

1 . An impulse response estimation device comprising: 

a Lattice filter for generating a backward 
prediction error sequence and a backward reflection 
coefficient from an input signal sequence; 

calculation means for calculating a tap coefficient 
by means of a reference signal and the backward prediction 
error sequence; and 

generation means for generation a tap coefficient 
applicable to a transversal type filter by means of a 
matrix operation using the transformation matrix , which 
is generated by means of the backward reflection 
coefficient, and the tap coefficient. . 

2. A maximum likelihood sequence estimation type 
equalizer equipped with said impulse response estimation 
device according to claim 1. 

3. A decision feedback equalizer equipped with said 
impulse response estimation device according to claim 1. 

4. A synchronous establishment device equipped with 
said impulse response estimation device according to claim 
1 . 

5. A communication apparatus using a result of an 
estimation of a propagation path by said impulse response 
estimation device according to claim 1 to equalization 
processing at reception or inverse equalization 
processing at transmission. 

6. A communication terminal apparatus equipped with 
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said impulse response estimation device according to claim 
1 . 

7. A base station apparatus equipped with said 
impulse response estimation device according to claim 1 . 

8. A channel estimation method comprising the 
steps of: 

generating a backward prediction error 
sequence and a backward reflection coefficient 
from an input signal sequence; 

calculating a tap coefficient by means of a 
reference signal and the backward prediction error 
sequence; and 

generating a tap coefficient applicable to a 
transversal type filter by multiplying the 
transformation matrix, which is generated by means 
of the backward reflection coefficient, and the tap 
c o ef f ic ient . 
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ABSTRACT 

A Lattice filter 201 generates a backward prediction 
error and a backward reflection coefficient by the use of 
an input signal sequence. A tap coefficient calculation 
5 section 202 calculates a tap coefficient by the use of a 
reference signal and a backward prediction error signal 
sequence generated by the Lattice filter. A tap 
coefficient conversion section 203 makes a transformation 
matrix by the use of a backward reflection coefficient 
10 generated by the Lattice filter 201, and generates a tap 
coefficient applicable to a transversal type filter by 
mean of a matrix operation using the tap coefficient 
calculated by the tap coefficient calculation section 202 
and the aforesaid transformation matrix. 
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